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Abstract 
Examining the relationship of Canis lupus familiaris and stress: An fMRI study 
Julie Elizabeth Petersen 
Karol Osipowicz, Ph.D. 
 
 
 
 
Stress has detrimental effects on a person’s physical and mental well-being. The domestic 
dog (Canis lupus familiaris) has demonstrated a unique capability for mediating stress, an 
ability that remains largely unexplained. The current study examined the relationship of 
dogs and stress mediation to explain possible mechanisms of action. This study 
hypothesizes the mechanism is not reliant upon one’s perception of the dog, but rather 
upon one’s perception of the situation and surrounding people within which the dog 
exists, that effects his or her stress level, even if a previous relationship with the dog does 
not exist. This is contrary to literature suggesting that a person’s relationship with the dog 
mediates change in stress levels. Instead, the dog has an indirect effect by altering a 
person’s perception of a situation through the dog’s presence. The presence of a dog 
makes others appear friendlier and more trustworthy to the person, and, consequently, 
these people are less likely to be sources of stress for the principle subject. According to 
the hypothesized mechanism of chagne, stress-related neural activation is greater when a 
stressful task is administered by a human alone in comparison to when that same task is 
administered by a human with a dog. To test this hypothesis, twenty-one healthy, 
neurologically normal participants underwent functional Magnetic Resonance Imaging 
(fMRI) scanning, during which the Paced Auditory Serial Addition Test (PASAT) was 
administered via video by a human alone or a human with a dog. Results demonstrated 
clear evidence that the PASAT is a stressful attentional vigilance task. Additional 
 x 
activation during the human alone condition indicated task adherence and self-
consciousness, while activation during the human with dog condition involved regions 
associated with emotion and anxiety. Contrasting the two task conditions suggested 
deactivation of eye-tracking processes in the human with dog condition. Regressions with 
a measure of stress did not provide evidence that the presence of a dog removed elements 
of stress or anxiety during the task. Region of interest (ROI) analyses focusing on brain 
regions implicated in stress, namely the amygdala, insula, anterior cingulate cortex 
(ACC), caudate nucleus, posterior-medial frontal gyrus (pDFG), and hippocampus, ndid 
not yield significant differences between the human with a dog and human alone 
condition. Findings from this study do not replicate prior research demonstrating dogs as 
mediators of stress. Robust activation during the PASAT indicate its usefulness as a 
stressful attentional vigilance task. 
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CHAPTER 1: INTRODUCTION 
1.1. Stress: A Brief Overview 
 Stress is the internal arousal that results from an external circumstance. These 
external circumstances are stressors (Aneshensel, 1992; Joëls, Pu, Wiegert, Oitzl, & 
Krugers, 2006). Specifically, stress is a person’s psychophysiological response when that 
person is unable to meet the demands of his external circumstances. Stress has been 
associated with numerous negative cognitive and physical outcomes, including altered 
brain development (Lupien, McEwen, Gunnar, & Heim, 2009), increased susceptibility to 
disease (Cohen & Williamson, 1991), deficits in retention and retrieval of information 
(Shors, 2006), and mood disturbances (DeLongis, Folkman, & Lazarus, 1988). 
 The transactional model of stress, proposed by Lazarus and Folkman (1987), 
frames stress as the result of an individual’s appraisal of a stressor and his methods of 
coping with that stressor. Rather than placing emphases on stressful events, the 
transactional model views stress as dependent on the individual’s cognitive approach to 
potential stressors.  
Yerkes and Dodson (1908) viewed the effects of stress on performance as 
predictable by an inverted parabolic function. Stress increases arousal, which affects 
performance on an inverted U trajectory where stress positively affects performance until 
an optimum performance is reached, after which additional stress becomes detrimental. A 
person’s difficulty completing tasks in stressful situations thus by explained by the 
person’s level of stress and arousal, rather than the objective difficulty of the task itself. 
This arousal can be observed at the physiological level with the measurement of stress-
related hormones and neural activation. 
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1.2. Stress and The Brain 
Stress-inducing stimuli induce physiological changes. The stress response is 
associated with hormonal response, such as increases in adrenocorticotropin (ACTH), 
cortisol, vasopressin, 𝛽-endorphin, epinephrine, and growth hormone (GH); and 
decreases in luteinizing hormone (LH) and testosterone (Kirschbaum, Pirke, & 
Hellhammer, 1993). The hypothamalo-pituitary-adrenocortical (HPA) axis is of particular 
importance in the stress response. An optimal level of HPA responsiveness is required in 
the face of stress, which is associated with hyper- or hypo- secretion of glucorticoids 
(Herman, Ostrander, Mueller, & Figueiredo, 2005).  
Sinha, Lacadie, Skudlarski, and Wexler (2004) identified the involvement of the 
striatal-limbic-prefrontal cortical circuits in the regulation of emotional stress. 
Specifically, the limbic system has been identified as the center for emotion processing 
(Geist, 2011). Additionally, significant activation in medial prefrontal, anterior cingulate, 
caudate, putamen, thalamus, hippocampus, parahippocampal gyrus, and posterior 
cingulate regions have been recorded during emotional distress (Sinha et al., 2004). 
Pruessner et al. (2008) exposed participants to a psychosocial stressor in one Positron 
Emission Tomography (PET) and one fMRI experiment and observed a deactivation of 
limbic system components, suggesting that there are long term effects of stress on the 
resting metabolic state of these regions (i.e., a hyper-aroused state is maintained at 
baseline). 
The brain’s response to stress is often studied through its activation during tasks 
involving top-down processing. Response to these stressful tasks is largely mediated by 
right posterior parietal lobe, primary and secondary sensory cortex, and sensory-
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association regions. Right fronto-parietal areas active during this type of processing and 
stress (Wang et al., 2005), are also prominent in vigilance (Sarter, Givens, & Bruno, 
2001). Wang et al. (2005) demonstrated the function of arithmetic tasks as an effective 
stressor for participants, resulting in activation of the ventral right prefrontal cortex 
(RPFC), right insula/putamen area, and anterior cingulate. 
1.3. Stress and Relationships 
 The most potent triggers of stress are often social in nature. MacDonald and Leary 
(2005) theorized that people’s acute awareness of social exclusion and rejection results 
from the evolutionary importance being included in social groups. Individuals are often 
hyperaware of potential threats of social exclusion and rejection, often resulting in 
avoidance behavior. People concerned about being socially accepted may avoid possible 
rejection by disaffiliating (Baumeister & Leary, 1995). Others combat social threats with 
aggression, particularly if they believe they do not have control of the situation 
(Warburton, Williams, & Cairns, 2006). 
Physiological responses to threats of social evaluation can be particularly striking. 
Substantial cortisol changes are triggered by the need to maintain social decorum in the 
face of social-evaluative conditions (Dickerson & Kemeny, 2004). Threats to social self 
and value tend to be heightened when one is low in the social hierarchy (Dickerson & 
Kemeny, 2004). These theories suggest social situations should be particularly identified 
for a potential stressful valence. Strong correlations between social standing and stress 
are pervasive in current literature. Shively, Laber-Laird, and Anton (1997) manipulated 
social status in a study of cynomolgus monkeys and found previously dominant females 
who became subordinate spent more time fearfully scanning the social environment and 
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displaying behavioral depression compared to newly dominant females. This effect is 
preserved in both males and females, although there is a more pronounced effect in 
females. These findings indicate that social situations in which there is a clear delineation 
of hierarchy, whether naturally or artificially created, have a heightened risk of being 
stressfully salient.   
 This relationship between potentially harmful social stimuli and stress has also 
been studied in relation to mental health and mental health environments. The stress of 
therapy results in a major threat of attrition. Approximately one-third of clients leave 
treatment prematurely due to heightened anxiety, before learning self-management 
strategies (Davis & Addis, 1999). These high attrition rates are concerning for mental 
health professionals, who must alter therapy strategies to more effectively administer 
treatment in a shortened timespan in response. 
The stress in therapy results from several factors. The relationship between a 
therapist and client is uniquely constructed. A client, placed in a position of self-
exposure, may continuously experience shame as he attempts to avoid having perceived 
inadequacies exposed (Gilbert, 1997). This high level of emotional distress then leads to 
early dropout (Davis & Addis, 1999). The relationship between stress and attrition is 
mediated by the rapport between a client and therapist. Treatment success is highly 
contingent upon this rapport. Strategies to improve client trust and rapport hinge on 
creating an environment that reduces the stress of a client (Leach, 2005). One potential 
strategy for expediting the building of a rapport involves the inclusion of a dog.  	  
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1.4. Mediation of Stress with Dogs 
Humans have a relationship with dogs not unlike their relationships with other 
humans. Stoeckel, Palley, Gollub, Niemi, and Evins (2014) examined the fMRI brain 
activation patterns of mothers viewing images of their own child, their own dog, an 
unfamiliar child, and an unfamiliar dog, and found a neural network involving emotion, 
reward, affiliation, visual processing, and social cognition that was active when mothers 
viewed their own child and when they viewed their own dog. That similar networks are 
active when a mother views her own child and her dog provides insight into the nature of 
an owner’s relationship with his or her dog. Activation during a mother’s response to her 
own dog was characterized by posterior cortical brain activation involving the fusiform 
gyrus (Stoeckel et al., 2014), an area involved in processing faces and in social cognition. 
This finding suggests that people use a similar method of perception when viewing pets 
that they use when viewing other humans. Blonder et al. (2004), in a face recognition 
study, also showed that the lateral fusiform gyrus (BA 37) responds maximally to both 
dog and human faces when compared to other sites, followed by the middle/inferior 
occipital gyrus (BA 18/19). This again supports the conclusion that dogs are regularly 
anthropomorphized by people. 
Dogs are unique among non-human species not only in their relationship to 
humans, but also in their effect on stress levels in humans. The effect of pets on social 
behavior has been observed since the 19th century, when animals were brought into 
mental health institutions with the intent of increasing patient socialization (Serpell, 
2006). However, no domesticated animal has a better documented relationship with the 
stress of humans than the dog.  
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Dogs have long been partnered with people in order to mediate stress, and the 
findings are unmatched by even by the closest human relationships. Allen, Blascovich, 
Tomaka, and Kelsey (1991) conducted a study in which women performed a difficult 
arithmetic task and found the participants who had their dogs with them performed better 
than the participants who had their human best friend present. The women’s results 
indicated that the difference in scores stem from their positive relationship with their 
dogs. The dogs presumablyprovided the desirable qualities of the best friend without the 
negative, evaluative traits of a fellow human (Allen et al., 1991).  
This mediation of stress is also present in situations of social stress, which, as 
previously discussed, are particularly powerful conditions of stress. Aydin et al. (2012) 
compared the self-report measures of socially excluded participants exposed to a dog and 
an experimenter to those exposed solely to an experimenter. Participants within this 
sample reported higher levels of life satisfaction, perceived meaning in life, self-esteem, 
and general feelings of social acceptance when they were in the presence of both the dog 
and the experimenter. These findings suggest that although social situations with humans 
may increase stress, the presence of a dog may enable the person to better regulate stress. 
The effect of dogs on stress has also been documented through imaging studies. In 
one such study, Sugawara et al. (2012) scanned participants who were in the presence and 
then absence of their own dog using PET and found deactivated brain areas in the left 
middle frontal gyrus, right fusiform gyrus, the left putamen, and the thalamus when in the 
presence of their pet. These deactivation pattern indicates reduced regional brain 
activities associated with stress perception and sympathetic arousal (Sugawara et al., 
2012). This provides further support of the theory that dogs reduce stress, though it is 
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unclear whether this effect is mediated by people’s perceptions of and feelings toward 
dogs.  
Within mental health settings, dogs have been indicated as an effective means to 
buffer stress (Nagasawa, Kikusui, Onaka, & Ohta, 2009). Psychologists whose practices 
include animals report building better rapport when the animal is present (Black, Chur-
Hansen, & Winefield, 2011). This ease of rapport building in situations where an animal 
is present could be partially explained by the ability of pets, namely dogs, to mediate 
stressful situations. The position of the client in a foreign, stressful situation, makes 
researchers assume that these changes in rapport building are impacted by the dog’s 
effect on the client.  
Mediation theorists postulate that this stress-mediating phenomenon occurs 
because dogs act as transitional objects, which, according to Levinson and Mallon 
(1969), “mediate between the known terrors of outer reality and the unknown realities of 
the inner world.” As a transitional object, a dog can serve a comforting role when a 
person enters into a new situation, and can alleviate stress until the person becomes 
comfortable in that situation or forms a rapport with others (Katcher, 2000). According to 
this theory, clients, when exposed to anxiety-inducing therapy settings, use animals as 
distracting stimuli. This allows clients to be exposed to, without avoiding, the stressful 
situation (Brickel, 1982). For example, a therapy dog may act as a source of control to 
help a child decrease his stress response when a he discloses a history of sexual abuse, 
allowing the child to reveal the abuse indirectly through the dog (Kruger, Serpell, & Fine, 
2006).  
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This understanding of a dog as a mediator is different from the idea that humans 
have a ‘special bond’ with dogs. In situations where a person meets a dog for the first 
time, it does not follow with necessity that he will form a bond with the dog. There is no 
long-lasting attachment inherent in the relationship. Instead, the dog simply acts as an 
immediate source of comfort. This differentiation between a transitional and an 
attachment figure indicates that a dog acts as a conduit to more socially acceptable 
function, but not as a substitute for a human relationship (Kruger et al., 2006). 
Learning theory states that unpleasant or anxiety-provoking activities lead to 
avoidance or withdrawal (Kruger et al., 2006). A person who routinely feels stressed may 
learn to withdrawal from potential exposure in response to any number of triggers. 
However, if a person were able to rely on the presence of a dog to help reduce stress, then 
he may be more willing to face previously overwhelming situations. As a social mediator, 
the presence of a dog can allow a person to relax, lead that person to engage in 
conversation, and even facilitate the sharing of emotions (Fine, 2006). If stress starts 
mounting in a therapy session, for example, the therapy dog is able to provide synchrony 
and self-awareness to the client, thereby diffusing the stressful situation (Geist, 2011). 
1.5. Limitations of Past Literature 
Despite the growing literature on the benefit of dogs in many situations, there is 
still a debate on the validity of this claim (Herzog, 2011; Kruger et al., 2006). One reason 
could be the lack of a unifying theory that is supported by rigorous experimentation. The 
lack of understanding as to why dogs mediate stress leads to questions about the validity 
of the hypothesis.  
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1.6. Current Study 
The current study examines whether the behavioral findings of dogs’ mediating 
effect on stress can be replicated at the neural level with the methodological rigor of an 
fMRI study. The theories of mediation of stress with dogs, discussed above, lead to three 
possible mechanisms in which the perceived stress of a social situation is reduced: 1. The 
dog can be used as a distraction; 2. The dog can make the handler appear friendlier; 3. 
The overall view of an individual’s perception of stress in the situation is reduced. The 
dog as a distractor is described in section 1.4, in the context of a child trying to disclose 
sensitive information to a therapist. The perception of a handler can be altered when the 
presence of a dog makes the person serving the role of handler appear friendlier and more 
trustworthy in the eyes of the viewer. Wells and Perrine (2001) found that students who 
viewed slides of professors’ offices that contained a dog, a cat, or no animal perceived 
the professor to be friendlier when there was a dog in the office. Though this theory only 
suggests an increase in perceived friendliness, it could be that the perceived friendliness 
was a result of an individual’s assignment of another attribute to the handler, such as an 
increased perception of caring. A similar study found that the presence of pets improved 
moods of customers and employees (Perrine & Wells, 2006). Some have suggested such 
a mechanism in therapy, claiming that the effectiveness of dogs lies in the animals’ 
ability to make the therapist appear less threatening, which causes the client to be more 
willing to express more personal information (Fine, 2006). The model of mechanism 
currently being examined modifies these theories.  The mechanism explored in the study 
states that the effect dogs have on stress lies not in the person’s perception of the dog, but 
in the person’s view of the situation and the surrounding people, which is modified by the 
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presence of the dog, regardless of the participant’s relationship with the dog. Figure 1 
examines these mechanisms of stress reduction. While the first and second model suggest 
heightened stress responses that are then mediated by positive emotional response, the 
third mechanistic model just demonstrates a decreased stress response. 
 
 
 
 
Figure 1. Mechanisms of Change to Social Stress 
 
 
 
To test this third mechanism (Figure 1), individuals in the present study were 
scanned using fMRI to examine neural activation patterns while completing a stressful 
task, administered either by a human alone or by a human with a dog. The neural stress 
response was measured through contrasting activation areas between runs (the human 
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alone condition and the human with dog condition). This design addressed whether there 
was a difference in activation of neural areas associated with stress for individuals who 
were administered a stressful task by a human alone in comparison to a human with a 
dog. Based on the proposed theory, it is hypothesized that the neural response to stress 
would be lower in the human with dog condition compared to the human alone condition. 
Specifically, one would expect to see reduction in activation of the amygdala, insula, 
anterior cingulate cortex (ACC), caudate nucleus, posterior-medial frontal gyrus (pDFG), 
and hippocampus. 	  
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CHAPTER 2: METHODS 
2.1. Participant Characteristics 
To be eligible for the study, participants had to be eighteen years or older and able 
to read and understand English. Participants were excluded if they did not meet the above 
requirements or if they had any condition, such as a metal appliance or device in the 
body, that would be a contraindication for MRI scanning. Potential contraindications 
were screened using the Magnetic Resonance Imaging Screening Form (Appendix A). 
Participants were also excluded from the study if they reported a fear of dogs. 
Participants included twenty-one adult volunteers, thirteen females (61.9%) and 
eight males (38.1%), with no history of neurological illness. Participants ranged in age 
from eighteen to twenty-seven years (M=22.1, SD=2.4). Twenty participants (95.2%) 
were right handed with only one participant (4.8%) indicating left-hand dominance. 
Fifteen participants (71.4%) reported currently or previously having owned a dog. When 
asked about their attitude toward dogs, thirteen participants (61.9%) stated a strong like 
of dogs, five participants (23.8%) reported simply liking dogs, two participants (9.5%) 
neither liked nor disliked dogs, and one participant (4.8%) strongly disliked dogs. In 
response to a question of whether the participant seeks out animals or pets when feeling 
stressed, twelve participants (57.1%) reported sometimes seeking out animals, five 
(23.8%) reported often seeking out animals when stressed, and four (19%) participants 
never seek out animals when stressed. When asked if the participant found the presence 
of animals calming, eleven (52.4%) reported finding animals very calming, nine (42.9%) 
found the presence of animals somewhat calming, and one participant (4.8%) did not find 
the presence of animals calming. 
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2.2. Sampling Procedures 
Participants were recruited from the Philadelphia community using fliers posted 
in academic buildings. Additionally, experimenters visited multiple undergraduate 
psychology classes to briefly explain the purpose of the study and hand out fliers. All 
participants gave informed consent consistent with the requirements of the institutional 
review boards of Temple and Drexel Universities. After completion of the study, 
participants were compensated for their time monetarily and with psychology extra credit 
points. 
2.3. Sample Size, Power, and Precision 
In this study, we sought to recruit twenty participants, which would have been 
sufficient to test whether the stimuli produce the expected activation patterns. Ultimately, 
twenty-one volunteers participated. Conducting power analyses for neuroimaging studies 
tends to be an ineffective endeavor, as true effect sizes are not known (Button et al., 
2013). Sample size is therefore somewhat arbitrarily determined, but one study found 
only twelve participants were needed to reach 80% power in an fMRI study (Desmond & 
Glover, 2002).  
2.4. Equipment  
The study took place at Temple University Hospital in the neuroimaging 
laboratory. Temple University Hospital is located in Northeast Philadelphia. Scanning 
was conducted using a Siemens 3T MRI whole-body scanner capable of high-speed echo-
planar imaging. The 3T scanner used is devoted to research, as is all the associated 
software in the neuroimaging center at Temple University. Participants were placed in the 
supine position in the scanner. Cushions acted as head restraints to reduce motion 
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artifacts. A microphone and headphone set was used to allow communication between 
the participant and experimenter during scanning.  
2.5. Stimuli 
The Paced Auditory Serial Addition Test (PASAT) was administered with the 
purpose of generating stress in the participant. During the PASAT, participants are 
presented with a series of single digit numbers and asked to sum the two most recent 
digits before the next digit is presented (Tombaugh, 2006). Previous studies have 
demonstrated the PASAT as effective for inducing negative affect like stress (Feldner, 
Leen-Feldner, Zvolensky, & Lejuez, 2006; Lejuez, Kahler, & Brown, 2003). In one such 
study, Mathias, Stanford, and Houston (2004) found heart rate and blood pressure were 
significantly higher for participants when the participants underwent the PASAT 
procedure. A rate of 1.6 seconds between numbers was chosen for PASAT administration 
during each active block. 
Half of the videos viewed by participants included a dog. The dog in the video 
was of mixed breeding, tan, with a medium build, short hair, and pointed ears. The 
change in perception that occurs in the presence of a dog appears to be independent of 
breed type (Perrine & Wells, 2006). Therefore, no significant concerns existed in using 
the previously described dog instead of a certain breed of dog.  
2.6. Block Design 
The scanning protocol was a conventional blocking model in which sets of scans 
were collected while the participant engaged in cognitive activity or rest. The blocks were 
separated into two runs: a human alone condition and human with dog condition. During 
the active block in the human alone condition, the participant was presented with a video 
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of the experimenter administering the PASAT and was asked to silently complete the 
calculations to the best of his or her abilities. In the human with dog run, experimenter 
was accompanied by a dog. All other elements of the task remained constant (Figure 1).  
During the rest block, the participants were not asked to complete the PASAT, but 
instead viewed a video of the experimenter reading warranty information, either alone or 
with a dog, depending on the active condition. The participant was told to simply rest and 
not attempt to complete any task while listening to the warranty information. The video 
duplicated the visual stimuli of the active block and was chosen for the rest condition to 
illuminate unique neural activity related to vision. Warranty material was chosen due to 
its lack of stressful content. The warranty material used was that of a popular, common 
producer of consumer electronic goods with company-specific material removed. 
 
 
 
	 	
Figure 2. Condition-Specific Video Images  
Images from the videos played for participants in the human alone condition (left) and 
human with dog condition (right). 
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2.7. Measures and Covariates 
Self-report measures were administered to participants prior to scanning. The first 
measure, the Magnetic Resonance Imaging Screening Form, ensured that the participants 
had no contraindications to MRI scanning (Appendix A). The second measure was a 
demographic questionnaire. This questionnaire asked basic demographic questions (i.e., 
questions about age, sex, handedness, etc.) and study-relevant questions such as “Do you 
currently or have you previously owned a dog?” and “Do you find the presence of 
animals calming?” The third measure, the Subjective Units of Discomfort Scale (SUDS), 
is a 0-100 self-rating of subjective anxiety that was used as a measure of a participant’s 
anxiety before and after scanning (Wolpe & Lazarus, 1966). 
Two self-report measures were administered to participants following scanning. 
These included a questionnaire examining the stressful elements of the protocol and a 
second administration of the SUDS to determine a post-scan measure of anxiety. This 
second SUDS score was used as a covariate in analyses. 
2.8. Procedure 
The study was conducted in one session. The total duration of the study, including 
pre-scan measures, scanning, and post-scanning, took approximately one hour and forty-
five minutes. This experiment was part of a larger set of runs that included other 
paradigms not included in the current study. The estimation of time includes these 
additional paradigms. 
Prior to scanning, participants completed the three aforementioned self-report 
measures (i.e., the Magnetic Resonance Imaging Screening Form, demographic 
questionnaire, and SUDS). Participants were then given instructions on how to complete 
 17 
the PASAT (Appendix B) and practiced the PASAT until the experimenter was satisfied 
that the participant understood how to complete the task. Participants were told they were 
to complete the task without speaking and would be asked after the conclusion of each 
run what they determined as the last correct response. The participants were told to rest 
during videos in which warranty information was presented. 
Once in the scanner, the experimenter confirmed with each participant that the 
participant’s visual field included the entire screen on which the video played and could 
clearly hear the audio via headphones. Whole brain scans were conducted with thirty-four 
contiguous no-gap 3-mm axial oblique image planes to cover the brain. Slice planes were 
positioned and aligned parallel to an imaginary line passing through the anterior-posterior 
commissures (AC-PC line). The orientation relative to the AC-PC line was selected in 
order to assist a spatial transformation of the volumes into a standard anatomical space. 
The session began with a rest block. This lasted 21 seconds (yielding seven whole 
brain scans). Following the rest block, the participant was cued to engage in the targeted 
cognitive activity for 21 seconds (seven whole brain scans). This block pair sequence was 
repeated an additional four times, rendering a set of 70 whole-brain scans, as the scanner 
collects whole-brain scans every three seconds. The participant was cued to engage in 
cognition or rest every 21 seconds. An entire run therefore lasted 210 seconds (three 
minutes and 30 seconds). There were two runs, totaling 420 seconds (seven minutes). 
Every participant completed both runs (Figure 3).  
As a measure of task compliance during covert responses, the participant reported 
the last correct response for each run immediately following the completion of that run. 
The aim was not to find neural activity related to completing the task, but rather activity 
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related to the emotional response evoked by the task. Therefore, it was not necessary to 
identify exact PASAT scores. Additionally, the movement confounds created by aural 
responses would have resulted in major barriers to analysis of fMRI data, nullifying any 
benefit of precise performance measures. 
Once out of the scanner, participants completed the SUDS a second time, 
providing post-experiment measure of anxiety that were contrasted with the baseline 
measure and included in analyses. During the debriefing participants were asked several 
questions, such as, “How stressful did you find the task,” “Did you notice a difference 
when the dog was in the video,” and “What do you think this experiment was testing?” 
 
 
 
 
Figure 3. Experimental Design 
The protocol for each run (human with dog and human alone using the conventional 
blocking method. 
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2.9. Data Analysis 
2.9.1. Imaging Processing 
Functional images were analyzed using Statistical Parameter Mapping (SPM8: 
Flandin & Friston, 2008). Each participant’s data underwent a sequence of processing. 
First, DICOM (Digital Imaging and Communications in Medicine; 
http://medical.nema.org/) image files generated by the scanner were converted to NIfTI 
(Neuroimaging Informatics Technology Initiative; http://nimh.nih.gov/) format using 
SPM utilities. Second, each participant’s data underwent slice time correction, regressing 
out the temporal derivative of slice order to adjust for temporal variance. Third, images 
were realigned to reduce variance due to confounds of brain location during scanning was 
conducted. During realignment, the spatial mean of all volumes in each run were 
calculated to allow for ridged body affine registration. Fourth, co-registration was 
implemented, adjusting the data to a standard space through linear warping to allow for 
greater precision in localization. Fifth, normalization transformed images into a standard 
space by aligning scans to the MNI (Montreal Neurological Institute) template, which has 
been adopted as an international standard. Sixth, smoothing with a Gaussian kernel 
reduced the effects of random noise. 
2.9.2. Model Specification and Estimation 
To determine the spatial extent of the recruited neurons and subsequently 
calculate the Blood Oxygen Level Dependent (BOLD) signal, SPM general linear model 
(GLM) procedures were used to identify the voxels associated with each condition (i.e., 
experimenter alone, experimenter with dog, and rest). A series of voxel-based t-tests were 
conducted and statistical parametrical maps were created. These are visual 
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representations of the statistically significant BOLD contrast responses. Quantitative 
analyses of changes in the activation extent and the magnetic resonance signal were then 
carried out using a set of these maps produced for each participant’s trial. The selected p-
threshold of .001 was chosen for all images in the cluster analyses (uncorrected and 
cluster extend consistent with image smoothness). 
fMRI data was analyzed on an individual and group level. The first level contrasts 
focused on within-run comparisons of activation related to the experimental condition 
with the baseline control condition subtracted out. This isolated on an individual level the 
areas uniquely associated with the experimental conditions within each run. 
Second level contrasts created group activation averages across conditions and 
were used to compare activations across runs. The primary group contrast compared 
activation between: (1) the task versus rest conditions; (2) the human alone versus rest 
condition; (3) the human with dog versus rest condition; (4) the human alone versus 
human with dog condition; and (5) human with dog versus the human alone condition. 
Based on the specified contrast, the t-test estimates the likelihood that the voxel’s 
activation pattern over time was due to the specific condition. The resulting statistical 
parametrical map is an image showing a t-statistic at each voxel, allowing SPM to 
identify brain areas that have met the chosen threshold (p =.001) and is significantly 
active. 
A regression was performed using the participant’s SUDS measure as a covariate 
in the the human with dog versus rest contrast and the human with dog versus human 
alone contrast. Region of interest (ROI) analyses examined structures implicated in the 
experience of stress for the human with dog versus human alone contrast. 	  
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CHAPTER 3: RESULTS 
3.1. Behavioral Characteristics 
When asked how stressful participants found the task, ten participants indicated 
the task was stressful (47.6%), ten participants (47.6%) did not find the task stressful, and 
one participant (4.8%) found the task very stressful. Participants were additionally asked 
which video they found least stressful. A large majority (71.4%) of participants found the 
experimenter and dog videos to be least stressful, two participants (9.5%) found videos of 
the experimenter alone least stressful, and four participants reported no difference in level 
of stress between video types. There were no observed differences in reporting between 
males and females. For all of the following analyses, an additional set was conducted that 
excluded the one participant who strongly disliked dogs. There was no resulting change, 
so the first set of analyses is reported. 
The mean of the pre-scan SUDS scores equaled 20.57 (SD=15.584). The mean of 
the post-scan SUDS score equaled 20.43 (SD=17.363). A paired samples t-test was 
conducted to determine if there was a difference between the pre- and post-scam SUDS 
scores. No significant difference in the two scores was found. As such, the post-scan 
SUDS score was chosen as a variable to regress with functional data, as opposed to a gain 
score. 
3.2. Activations of Interest from Group Contrasts 
The main activation effects of the PASAT, the PASAT when administered by a 
human alone, and the PASAT when examined by a human with a dog were examined 
across all participants. Contrast images used a one-sample t-test to find the condition’s 
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main effect. An uncorrected threshold of p=.001 was applied to determine significant 
activation. 
 Table 1 shows the results for the statistical contrasts of all task conditions with 
activation redundant with the rest conditions removed. Activation for the PASAT using 
both the human alone and human with dog conditions compared to the rest condition was 
determined to evaluate the administration of the PASAT. Whole-brain analysis showed 
expected activation patterns for the PASAT, indicating method of delivery as effective 
and validating further examination of conditions (Lazeron, Rombouts, de Sonneville, 
Barkhof, & Scheltens, 2003). Six areas with activation were observed (Table 1), 
involving the left pDFG, right insula, left inferior parietal lobule, right cerebellum (Crus 
1), right cerebellum (VIII), and right supramarginal gyrus. The largest cluster extended 
laterally from the left pDFG to the left middle frontal gyrus and deep into the right 
midcingulate cortex (MCC; Figure 3). Additional significant clusters peaked in the right 
insula, with local peaks in the caudate nucleus and middle frontal gyrus, and the left 
inferior parietal lobule, extending to a local peak in the precuneus.  
 
 
 
 
Figure 4. Task vs. Rest Contrast 
Activation associated with task minus rest contrast for both runs. Maxima and local peaks 
listed in Table 1. 
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Table 1 
 
Activation clusters for task conditions vs. rest 
Location of Cluster KE t(20) 
MNI Coordinates (mm) 
X Y Z 
L pDFG 13056 15.4 -4 8 64 
L Middle Frontal Gyrus  13 -28 6 54 R MCC  10.1 8 22 42 R Insula 5987 7.4 32 22 4 
R Caudate Nucleus  7.4 12 6 -6 
R Middle Frontal Gyrus  7.3 44 50 22 
L Inferior Parietal Lobule 3193 6.9 -46 -46 60 
L Precuneus  6.1 -6 -66 54 
R Cerebellum (Crus 1) 2085 10.8 28 -66 -30 
R Cerebellum (VIII)  9.7 36 -48 -38 
L Cerebellum (VIII) 1604 5.2 -24 -70 -50 
R Supramarginal Gyrus 1580 10.1 44 -44 44 
Note. All analyses run at p<.001, uncorrected and cluster extent consistent with image 
smoothness; Abbreviations: L = Left, R = Right; NS = not significant 	
 
 
 The main effect for the human alone condition (human alone – rest) largely 
localized to the left hemisphere, with activation moving laterally from the left pDFG to 
the left middle frontal gyrus and into the insula (Table 2). Additional clusters involving 
the left superior parietal lobule, right cerebellum (Crus 1), right precuneus, and left 
cerebellum (VII) were identified.  
The contrast of human with dog and rest showed six activation clusters with the 
first maxima in the left pDFG extending laterally to the left middle frontal gyrus and deep 
into the insula. An additional clusters involved the right insula and caudate nucleus, the 
left inferior parietal lobule, right hippocampus, right cerebellum, and the right middle 
orbitofrontal cortex (OFC) extended laterally to the middle frontal gyrus. The main 
effects of the human with dog condition can be seen overlaid with the human alone 
 24 
condition in Figure 4. When activation areas involved in the human with a dog condition 
were removed from human alone activation, a cluster extending from the left cerebellar 
lobule X to the right cerebellar lobule IX was identified. The inverse contrast, namely 
human with dog versus human alone, did not yield significant activation. 
 
 
 
Figure 5. Main Effects of Human with Dog Condition and Human Alone Condition 
Activation associated with the human with dog condition (seen in red) overlaid with 
activation associated with the human alone condition (seen in blue) to demonstrate the 
overlapping and unique effects of each condition. 
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Table 2 
 
Activation clusters for group contrasts 
Group 
Comparisons Location of Cluster KE t(20) 
MNI Coordinates 
(mm) 
X Y Z 
Human alone L pDFG 19678 16.4 -4 6 64 
  versus Rest L Middle Frontal Gyrus  11.5 -28 4 54        L Insula  9.9 -32 18 2 
 L Superior Parietal Lobe 3740 6.3 -28 -60 64  L Precuneus  6.05 -6 -66 54 
 R Cerebellum (Crus 1) 3348 10.6 28 -66 -30 
 R Cerebellum (VIII)  7.6 28 -72 -50  R Cerebellum (Crus 2)  7.2 46 -58 -36 
 R Precuneus 2435 6.3 16 -56 52 
 L Cerebellum (Crus 1) 1850 7.6 -42 -64 -32 
 L Cerebellum (VII)  6.3 -22 -70 -46 
Human with dog L pDFG 7913 12.4 -2 14 50 
  versus Rest L Middle Frontal Gyrus  10 -28 4 52  L Insula  7.8 -30 22 0  L Inferior Parietal Lobe 1995 9.2 -48 -40 50 
 R Hippocampus 1867 5.7 20 -40 14 
 R Caudate Nucleus 1794 6.5 14 12 -4 
 R Insula Lobe  6.4 48 12 4  R Middle OFG 953 7.1 22 50 -14 
 R Middle Frontal Gyrus  6.7 44 48 22 
 L Cerebellum (VIII) 941 6.9 -38 -54 -40 
 R Cerebellum (Crus 1) 932 8.6 30 -70 -28 
 R Cerebellum (VII)  7 40 -50 -38 
 R Cerebellum (VIII)  5.1 26 -74 -50 
Human alone 
  versus Human L Cerebellum (X) 1037 5.6 -14 -42 -36 
  with dog R Cerebellum (IX)  4.2 4 -64 -42 
Human with dog NS      
  versus Human 
  alone 
      
Note. All analyses run at p<.001, uncorrected and cluster extent consistent with image 
smoothness; Abbreviations: L = Left, R = Right; NS = not significant 
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3.3. Effect of Regressors on Group Contrasts  
Table 3 shows the positive, negative, and combined effect of the post-scan SUDS 
measure on the human with dog versus rest contrast and the human with dog versus 
human alone rest. While the positive effect of the post-scan SUDS measure on the human 
with dog versus rest contrast was null, the combined effect of the regressor yielded strong 
activation clusters, the foremost originating in the left pDFG and extending to the right 
ACC. An additional clusters involved the left inferior parietal lobule, left cerebellum 
(Crus 2), right angular gyrus, right cerebellum (Crus 1), right olfactory cortex, left 
precentral gyrus, left middle frontal gyrus, with another cluster peaking in the left 
putamen with a local maximum in the left insula (Figure 5). The negative effect of the 
SUDS score on this contrast largely yielded largely the same pattern of activation with an 
additional cluster in the left precentral gyrus.  
 
 
 
 
Figure 6. Combined Effect of SUDS on the Human with Dog Condition 
Regions showing interaction of SUDS covariate and human with dog with human 
activation.  
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Table 3 
 
Activation clusters for regressions with Subjective Units of Distress Scale 
Contrast Location of Cluster KE t(20) 
MNI Coordinates 
(mm) 
X Y Z 
Human with dog versus Rest 
Effect NS      
Combined effect L pDFG 1434 8.3 -2 14 50 
 R ACC  4.3 12 26 30 
 L Inferior Parietal Lobe 980 6.5 -36 -54 48 
 L Putamen 886 7.3 -16 8 -4 
 L Insula  4.9 -34 12 8 
 L Cerebellum (Crus 2) 749 7.7 -46 -60 -40 
 R Angular Gyrus 572 6.3 42 -48 42 
 R Cerebellum (Crus 1) 525 6.2 30 -70 -28 
 R Cerebellum (VII)  6 42 -50 -40 
 R Olfactory cortex 436 5.7 18 6 -12 
 L Precentral Gyrus 360 5 -50 8 36 
 L Middle Frontal Gyrus 359 6.8 -28 4 50 
 R Insula 359 5.4 48 10 2 
Negative Effect L pDFG 1302 7.9 -2 14 50 
 R ACC  4.2 12 26 30 
 L Inferior Parietal Lobe 866 6.2 -36 -54 48 
 L Putamen 787 7.2 -16 8 -4 
 L Insula  4.2 -30 22 0 
 L Cerebellum (Crus 2) 697 7.5 -46 -60 -40 
 R Angular Gyrus 527 6 42 -48 42 
 R Cerebellum (Crus 1) 491 5.9 30 -70 -28 
 R Cerebellum (VII)  5.8 42 -50 -40 
 R Olfactory cortex 358 5.7 18 6 -12 
 R Caudate Nucleus  4.2 18 18 8 
 L Middle Frontal Gyrus 317 6.4 -28 4 50 
 L Precentral Gyrus 302 4.8 -50 8 36 
Human with dog versus Human alone 
Effect NS      
Combined Effect NS      
Negative Effect NS      
Note. All analyses run at p<.001, uncorrected and cluster extent consistent with image 
smoothness; Abbreviations: L = Left, R = Right; NS = not significant 
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3.4. Region of Interest Analyses 
A region of interest (ROI) analysis was utilized to test more specifically for the 
involvement of areas associated with stress. Twelve ROIs were used – the left and right 
amygdala, left and right insula, left and right ACC, left and right caudate nucleus, left and 
right pDFG, and left and right hippocampus. Examination of these ROIs with the human 
with dog versus human alone contrast produced null results.  
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CHAPTER 4: Discussion 
4.1. Differential Neural Activity during Tasks with and without Dogs 
Activation during task blocks provides evidence for the PASAT as a stressful 
attentional vigilance task. A largest cluster identified for task activation when the 
activation that overlapped with the rest condition removed peaked in the left posterior 
medial frontal gyrus (pDFG), a structure associated with attentional focusing to task-
related stimuli, suppression of areas encoding non-task-related stimuli (Danielmeier, 
Eichele, Forstmann, Tittgemeyer, & Ullsperger, 2011), and stress (Sinha et al., 2004). 
This cluster extended to the middle frontal gyrus, which is also implicated in orienting 
attention to meaningful stimuli (Decety et al., 1997; Japee, Holiday, Satyshur, Mukai, & 
Ungerleider, 2015), with an additional peak in the right MCC, which is involved in 
environmental monitoring and response selection (Taylor, Seminowicz, & Davis, 2009). 
This interpretation of PASAT activation is also supported by activation in structures 
identified in a second cluster, its maxima being the insula, a region associated with goal-
directed cognition (Chang, Yarkoni, Khaw, & Sanfey, 2013). Cluster activation extended 
to the caudate nucleus, which is involved in distress (Sinha et al., 2004) and aids in 
inhibitory control and learning (Rubia et al., 1999), and middle frontal gyrus. The current 
analysis was largely grounded on the preservation of the effects of the PASAT with the 
modifications of video administration and covert responding. The combination of the 
correct reported responses from each individual and activation clusters indicate the 
PASAT as a robust task that garnered adherence despite altered administration and covert 
responding. This robust activation suggests the PASAT would be useful in future studies 
as a visual, stressful attentional vigilance task. 
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The human alone condition provided an essential characterization of brain 
activation during the task condition without the modification of the task by a dog. The 
human alone condition produced the pattern of activation expected in association with the 
PASAT, namely in the left pDFG, middle frontal gyrus, and insula. Adherence to the task 
was also evident in activation of the left superior parietal lobe, a region important in the 
manipulation of information in working memory tasks (Koenigs, Barbey, Postle, & 
Grafman, 2009) and in the cluster extending from the right Crus 1, to cerebellar lobule 
VIII, and Crus 2, which mediate articulary control, sensorimotor phonological control, 
and language during working memory tasks, respectively (Stoodley & Schmahmann, 
2010). In addition to activation in areas expected in a stressful task demanding attentional 
vigilance, possible elements of self-consciousness during this task were seen in the 
bilateral activation of the precuneus (Cavanna & Trimble, 2006). This activation lends 
support for the proposed hypothesis, suggesting a component of social anxiety produced 
by the task when administered by a human without a dog present. 
The human with dog task was designed as the experimental procedure, as 
activation during this task provides information relating to the contribution of a dogs’ 
presence to a stressful task. As seen in the aforementioned task activations, the human 
with dog task produced the expected activation of the left pDFG, middle frontal gyrus, 
and insula. Uniquely, this condition also generated activity in the inferior parietal lobule, 
which has been associated with the perception of emotion in facial stimuli (Dolan et al., 
1996; Fusar-Poli, Placentino, Carletti, Landi, & Abbamonte, 2009). Such activation could 
have occurred as a result of the participant reading the additional facial expressions of the 
dog (Blonder et al., 2004) or as a result of the administrators change in facial expressions 
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that, while unvaried between conditions when assessed by the naked eye, could have 
been altered by the presence of the dog, thus producing a wider range of emotion in the 
expressions of the administrator. Alternatively, activation of the inferior parietal lobule 
could be interpreted as task adherence if viewed through its role in number processing 
(Chochon, Cohen, Van De Moortele, & Dehaene, 1999).  
The possibility of duel interpretation is also seen with hippocampal activation 
during this contrast. The hippocampus, generally seen through the purview of memory 
research, was likely active during this condition as a result of the working memory 
component. However, the activation of the hippocampus during this condition, but not 
during the human alone condition, could be secondarily explained by its role within the 
limbic system, which is typically viewed as the system responsible for the emotional lives 
of humans. This interpretation is strengthened in light of inferior parietal lobe and OFC 
activation, with the OFC being implicated in fear and anxiety (Charney, 2003). 
While this activation is seen in the human with dog condition, but not human 
alone condition, there is a notable lack of working memory activation seen in the human 
alone condition, namely in the superior parietal lobe, cerebellar lobule VIII, and Crus 1/2. 
One could conclude from the differential activation between the two conditions that 
regions involved in the completion of the task that also function in the context of emotion 
arose in the human and dog condition as a necessary consequence of having to process 
emotional components. It is possible that the increased emotional and possible heightened 
anxiety suggested by this contrast activation would result in poorer task performance. 
Without additional behavioral or performance data, one cannot test this relationship 
further and, as such, cannot conclude whether the activation seen in the task was simply a 
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result of task adherence or evidence of an emotional component. In either interpretation, 
the pattern of activation produced by this task is not consistent with the hypothesis, which 
predicts reduction in activation of areas associated with anxiety. However, the lack of 
precuneus activation, seen bilaterally in the human alone condition, could warrant an 
additional alternative explanation, providing evidence for the reduction of self-
consciousness in the presence of a dog.  
To more clearly identify the activation of the experimental condition, the human 
alone and human with dog were directly compared. The human alone versus human with 
dog contrast suggests a deactivation of eye-tracking processes in the human with dog 
condition, evidenced by activation of the cerebellar lobules IX/X in the human alone 
condition versus the human with dog contrast. The reduction in eye-tracking processes 
could have resulted from the participants’ increased visual attention when shown videos 
that included a dog, as the participants only needed the auditory stimuli (presentation of 
numbers) to complete the task and might have been more likely to look away from the 
screen when concentration on the task during a less stimulating video. Overall, the 
prediction that the human with dog would produce different patterns of activation relating 
to anxiety in the current paradigm was not supported. 
4.2. Examining Task Activation in Relation to Stress 
 The centrality of stress to the hypothesis prompted closer examination of its role 
in relation to the tasks using regression of the post-scan SUDS measure. The combined 
and negative effects of the SUDS on activation of the human with dog condition, when 
activation that overlapped with the control condition was removed, produced activation in 
the left pDFG and right anterior cingulate cortex (ACC), indicating that people who are 
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less stressed are better able to adhere to the attentional vigilance component of the 
PASAT and regulate emotional responses in order to better attend to the task.  
Activation suggests that the presence of a dog in the PASAT video does not 
remove the component of stress to such a level that the differential effect of stress on task 
experience would lessen. The lack of significant activation in the human with dog 
condition when activation from the human alone condition was removed provides further 
evidence for this interpretation, as it suggests the experience of stress does not differ 
significantly between the two conditions. When additional ROI analyses examined 
regions involved in stress using the same contrast, the result was once again null, 
indicating a failure to find differential activation in areas related to stress between the two 
task conditions. Thus, this hypothesis was not supported and the anecdotal and behavioral 
reports stating the powerful mediating effect of dogs on stress was not replicated in the 
current study. 
4.3. Limitations 
There are several potential confounds to positive findings. The constructed 
situation within the scanner being too unlike ‘real-life’ situations in which changes in 
stress could occur potentially limits the ability of activation representative of such 
occurrences. For example, an individual could have been so overwhelmed or distracted 
by being in the scanner and completing the experiment, that the presence of a dog in a 
video might not have as large of an impact as a dog might if seen in person and out of the 
context of an experiment. To address this issue, the videos played during the cognitive 
activity block were as similar as possible, so the difference of the dog would be more 
pronounced. Additionally, the numbers in the PASAT remained constant between 
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conditions, as did the neutral stimulus, position of the camera, position of the 
experimenter within the camera, and the experimenter’s tone. By ensuring the stimuli 
remained as consistent as possible, the change of the additional presence of a dog was 
more likely to be evident, but the barrier of generalization of the situation to one 
consistent with ‘real-life’ may have not been adequately overcome. 
A second concern is that the task might have had too short a duration for 
differences to appear if they existed. To address this issue, the PASAT was delivered at a 
rate of 1.6 seconds. This is the second most difficult of four standard paces. At this rate, a 
participant should begin making mistakes quickly, thereby inducing stress, but still be 
able to make enough correct responses that he continues the task, rather than halting all 
effort. However, the PASAT may still have not been stressful enough to elicit activation 
as hypothesized, even with the fast rate of delivery. Evidence of stress-involved region 
activation suggests the PASAT did serve as a stressful task, but it might not have been 
stressful enough to require the mediation of a dog. 
A third concern lies in the temporal proximity of the measure of stress (SUDS) 
and the task. The participant was asked to complete the SUDS before entering the 
scanner and after leaving the scanner. The stress of the medical environment in the first 
SUDS measure and the relief of completing the study in the second measure could have 
affected individuals’ response on the SUDS at either or both time points and, 
consequently, the results of the behavioral measure of stress. Future studies could address 
this issue by asking the participant to report such a score directly before and directly after 
each run using the scanner intercom system.  	  
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4.4. Conclusion and Future Directions 
The current study sought to characterize the relationship between dogs and stress 
using rigorous experimentation of a strong theory. Identifying the neural substrates that 
are involved in the mediating effect a dog has on the relationship between people and 
their environment would further the understanding of the potential impact of dogs in 
various situations. Although there was some evidence of differential levels of anxiety in 
tasks where a dog was present, the effect of a dog on stress is not strong enough to 
support the original hypothesis that the neural response to stress would be lower in the 
human with dog condition than in the human alone condition. Despite these null findings, 
activation from the task suggests the PASAT should be utilized in the future as a visual, 
stressful attentional vigilance task. Future studies allowing for more naturalistic 
environments, in which the participant could be in spatial proximity to the dog, would 
also be useful to address the limitations encountered in the current study and provide 
further information concerning the relationship between dogs and stress. 
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Appendix A: Magnetic Resonance Imaging Screening Form 
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Appendix B: PASAT Administration Instructions 
 
 
 
 
This test involves adding numbers one after the other. I will read a series of 
numbers and your task will be to add together each pair of numbers and tell me 
the sum. All the numbers on the test will be from 1 to 9. Let's try the 
procedure with some sample numbers. 
 
(Write the sample numbers on a blank sheet of paper and point to them while you 
instruct the participant.) 
 
Here is a set of numbers: 3, 5, 7, 4. What I would like you to do is add each 
pair of numbers as you hear them. With these numbers, you start by adding 3 and 
5. What is the total? Now, add the 5 to the next number, 7. What is that 
total? Next, add 7 to the 4. What is that total? The important thing is that 
you add the number you just heard to the number you heard right before it. Do 
not add the numbers you say to any of the numbers you hear. What you have to 
remember if to add the number you just heard to the one you heard right before 
it. Let’s go over it again. 
 
(Proceed through the same number set and add pairs of numbers. Continue with 
more sample numbers until you are convinced that the participant can add numbers and 
understands the basic task. Sometimes participants will add their answers to the 
next number. Remind the participant to only add the numbers they hear and not the 
numbers they say.) 
 
Now, I am going to read some numbers for you to hear and add together. Try to 
keep up with the numbers as you hear them. If you get off track and miss some 
numbers, you can quickly get back on track by listening for the next two 
numbers, adding them together and going on from there. 
 
(Read the sample set of numbers and have the participant practice the task. Read 
the sample set as many times as required for the participant to understand the task. 
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